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Fig.1 Schematic diagrams of preform-high rate impact spot welding: (a) Preform; (b) High rate impact spot welding
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Fig.2 Photos of VFAW equipment(a), experimental tools(b) and schematic diagram of aluminum foil(c)
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Table 1 Discharging equipment characteristics

Max. capacitance/ Inductance/ Resistance/ Max. voltage/ Max. energy/  Current rise time/
uF nH mQ kv kJ us
426 100 100 8.66 16 12
=2 ERBMLIRIT S5 T A5, FIF HV-1000A 5 5 fhg FE i S L4
Table 2 Shape and size parameters of experimental plate H X ) B E

Name  Material Length/ Width/  Thickness/

mm mm mm 22 WEERSE
3003A1 130 40 15 i 052 B T 02 B T — bt s AR e AR
Flyer 5052 Al 130 40 15 ARTE M 1T W ST AN BRI T 5 AR
6061A1 130 40 L5 AR, DRI 0GR R v SR I R AR PT RTA
Target  DP590 130 40 1.6 33230 KA T G R 52 9B O S AR 3 A — 52
VIR SR TSR . AT AR R e 5 X S
F£3 SLIRM 1 RES S WIEHRHIE, ¥ WG AP, R M = A X 3k,
Table 3 Mechanical properties of experimental plate SR ~F IR 2R G 1 431X 3@PR, MR
Density/ Yield Tensile Poisson ARG AT AN 3(b)Fs. AT Z%&MH T, KE
Material (o 5 suengthy suengty e SRR R 4) S EBIAT e R, o
MPa MPa B 1s 24 3 MBI AR v A . A AT 5 KR
3003AL 2700 % 140 0.33 K K e SRR SR, g 4 TR, AT LAE AN
S052AL 2702 10 330 0.33 TR 1 AR SHUARRE S 5 K B AR K, 3
6061AL 2703 14 324 0.33 FEX AR E R e, AR, B

DP590 7850 440 590 0.3 e R R P [ — R A W R 7
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Simplified analysis models: (a) Forming analysis

model; (b) Interface analysis model

Shape 1

Shape 2
Shape 3

B4 CHRAFKEATZR
Fig. 4 Different simplified shapes of flyer

T4 AFCARITRALTEAR T 25 DX sk o AR 1 T2 S5
Table 4 Impact velocity of different regions on target under

the simplified shape of different flyers

Impact velocity /(m's ')

Shape No.
Inside Middle Outside
1 721 758 731
2 719 765 724
3 718 752 733

BOE WARASFE TG rh e 5, W] A #7459 21 93
I G AR S B A IR AG PP A FE (ves 1), H%
KOMQ)HHHEAR R P 0 MPP TR v

v=\[vf+v22 €))]

0=tan™ x @)

Ve

Kb v v BN KRG BB IEA TR J5 5 #EAR A
HIAR TR BEAT AR s v o KR AR v o 42 1Y
VIR Ih AR L 0 O WIS SEARWIAA i A

KR KL 6061 G4, HURAY DP590 i,
A RE ) AR #4450 B R F ¥ /2 Shock IR 7S 7 2 R 1)
Johnson-Cook /Y, M SHUNF 5 fiom. rhfid i
45 B3+ ANSYS/Explicit Dynamics 335% it
1T, R o AR s B H i kL 30 712
30T, FERHA SPH &,

£ 5 1B Johnson-Cook A 2%

Table 5 Johnson cook model parameters of materials

Material A B C n m

6061A1 324 114 0.002 0.42 1.34

DP590 337 473 1.8X107°  0.035 422

3 ZR5MR
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Fig. 5 Maximum tensile force of different energy with preform diameters: (a) 4=12mm; (b) =16 mm; (c) Max tensile resistance

comparison; (d) Test tools and samples
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Fig. 6 Maximum tensile force of different preform size with energy of £=5.9 kJ(a) and £=7 kJ(b)
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Fig. 7 Joining interfaces of each zone: (a), (b), (c) Simulations; (a’), (b), (¢') Experimental interfaces
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Fig. 9 Interface wave parameters at different velocities
(Mlddle V600=717 m/s, 0600:230; V700=765 m/s, 070():200;

V800=87O m/s, 0800=16-40; V900=958 m/s, 0900=16°. Outside:
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(b)

Fig. 10  6061Al1/ DP590 joining interface with different impact energies: (a) 4.4 kJ; (b) 5.9 kJ; (¢) 7 kJ; (d) 8 kJ
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Fig. 11 Interface element distribution: (a) SEM image; (b) Element line scanning
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Fig. 12 Distribution of interface test points
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Fig. 13 Hardness values of test point locations: (a) Points 1-6;

(b) Points 7—-11
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Analysis of joining interface of
preform-high rate impact spot welding
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Abstract: The preform—high rate impact spot welding process was proposed to join the aluminum and steel in this paper,
and DP590/A13003 joints with satisfied joining strength were obtained. The joint interface formation rule was
investigated with smooth particle hydrodynamics (SPH) analytical method, and the interface characters and formation
mechanism were experimental analyzed. The results show that, the joint interface shows the wave characters and the joint
tensile resistance is related to the interface wave parameters. Few wave shows in the outside zone of interface when the
preform diameter or discharging energy is small. With the preform area enlarges, the wavelength and amplitude increase
in the outside zone. With the increase of discharging energy in a range, meanwhile with the increase of impact rate of
flyer sheet, the wavelength decreases and amplitude increases in the middle zone of interface, but both increase in outside
zone, and the tensile resistance enhances. The SEM and EDS results show that micro-crack and vortex microstructures
appear inside the interface and interlayer metal compounds generate.
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